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Tbjectives: Unilateral infiltrates on chest x-ray films are occasionally seen after
ilateral lung transplantation. In the primary graft dysfunction grading system, the
resence or absence of a radiographic abnormality is crucial in determining the
ncidence and severity of primary graft dysfunction. However, no consideration is
iven as to whether unilateral infiltrates have the same impact and relevance as
ilateral infiltrates. This study aims to describe the incidence, features, and out-
omes of posttransplant unilateral infiltrates and their effect on the novel primary
raft dysfunction grading system.
ethods: Depending on posttransplant radiographic appearance, 144 patients who
nderwent bilateral lung transplantation were divided into 3 groups: no infiltrates
clear), unilateral infiltrates (unilateral), or bilateral infiltrates (bilateral).
esults: Radiographic abnormalities were seen in 43% of donors and 61% of
osttransplant recipients (sensitivity  76%, specificity  50%). The percentage of
ecipients in the unilateral, clear, and bilateral groups was 26%, 39%, and 35%,
espectively. Lower posttransplant oxygenation (P  .05), longer intubation hours,
nd more intensive care unit days (P  .0001) were seen in the bilateral compared
ith the unilateral and the clear groups. A significant difference in the prevalence
f primary graft dysfunction (P .0001) was seen, depending on whether unilateral
nfiltrates were included or excluded from the primary graft dysfunction grading.
onclusions: The incidence of unilateral infiltrates is relatively high after bilateral
ung transplantation. The early posttransplant outcome of the unilateral infiltrates is
imilar to that in the group having a clear chest x-ray film and significantly better
han that in those with bilateral infiltrates. In bilateral lung transplantation, only
ilateral infiltrates should be used as part of the definition of primary graft dys-
unction.
lthough surgical techniques and medical management have been improved,
primary graft dysfunction (PGD) remains a major cause of early morbidity
and mortality after lung transplantation.1-9 To assist with diagnosis an
esearch into this problem, the International Society for Heart and Lung Transplan-
ation (ISHLT) Working Group on Primary Graft Dysfunction has recently reported
standardized consensus defining criteria of PGD, which is based on the recipientxygenation ratio and presence of radiographic abnormality.10
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1
TXUnilateral infiltrates on chest x-ray films are occasionally
een after bilateral lung transplantation. In the absence of
nilateral pulmonary venous anastomotic obstruction, pul-
onary contusion, hemorrhage, atelectasis, or pneumonia,
his phenomenon may be due to unilateral ischemia-reper-
usion injury.
Theoretically, in the absence of cardiopulmonary bypass,
uring the second lung implantation the newly implanted
rst lung is exposed to the entire cardiac output with result-
nt doubling of normal pulmonary arterial blood flow, pul-
onary hypertension, and increased microvascular hydro-
tatic pressure.11 In the first lung, this might amp
schemia-reperfusion injury, resulting in a unilateral radio-
raphic infiltrate; however, the actual incidence and etiol-
gy of these unilateral infiltrates remain unknown.
In the official ISHLT PGD grading system, the presence
r absence of a radiographic abnormality has a critical role
n determining the incidence and severity of PGD, as the
bsence of radiographic infiltrates is considered as grade 0
ven if the ratio of arterial oxygen tension and inspired
xygen consumption (PaO2/FIO2) is less than 300.10 It is
oted that this definition of PGD mimics that of the acute
espiratory distress syndrome, which is based on bilateral
isease. In this grading system, no consideration is given as
o whether a unilateral infiltrate has the same impact and
elevance as a bilateral infiltrate.
We therefore hypothesized that consideration of unilat-
ral radiographic infiltrates as either “present” or “absent”
n bilateral lung transplantation might influence the apparent
everity of the PGD grading when compared with a clear
hest x-ray film or one with bilateral infiltrates. Therefore,
his study aims to describe the incidence, features, and
utcomes of unilateral infiltrates on chest x-ray films and
heir effect on the novel PGD grading system.
atients and Methods
rom January 2000 to March 2006, 159 bilateral lung transplants
ere performed at The Alfred Hospital; 144 patients were included
n this study because complete donor and recipient radiographic
nformation on 15 patients was not available and these patients
Abbreviations and Acronyms
ECMO extracorporeal membrane oxygenation
FIO2  inspired oxygen consumption
ICU  intensive care unit
ISHLT International Society for Heart and Lung
Transplantation
PaO2  arterial oxygen tension
PGD  primary graft dysfunction
T  timeere therefore excluded. C
442 The Journal of Thoracic and Cardiovascular Surgery ● Dectudy Group
ll patients were divided into 3 groups depending on radiographic
ppearance: no infiltrates (clear group), unilateral infiltrates (uni-
ateral group), or bilateral infiltrates (bilateral group). The presence
r absence of radiographic infiltrates consistent with reperfusion
dema was assessed by blinded reviewers at the time of arrival in
he intensive care unit (ICU) (T 0), at 24 hours (T 24), and at 48
ours (T 48) after transplant. On the basis of the radiographic
eatures (clear, unilateral, or bilateral), 3 patient groups were
nalyzed at each time point (T 0 to T 48).
rimary Graft Dysfunction Grading
etails of the grading of PGD severity have been described else-
here.10 In brief, the classification scheme is based on the 
-ray film and PaO2/FIO2: grade 0, PaO2/FIO2 greater than 300
ithout radiographic infiltrates; grade 1, PaO2/FIO2 greater than
00 with radiographic infiltrates; grade 2, PaO2/FIO2 between 200
nd 300 with radiographic infiltrates; and grade 3, PaO2/FIO2 less
han 200 with radiographic infiltrates. There are other specific
nclusion/exclusion criteria: a requirement for supplemental oxy-
en via nasal cannula or with an FIO2 less than 0.3 is graded as 0
r 1 depending on radiographic features; the absence of radio-
raphic infiltrates is graded as grade 0 (even if PaO2/FIO2 ratio 
00); the requirement of extracorporeal membrane oxygenation
ECMO) or mechanical ventilation with FIO2 greater than 0.5 on
itric oxide beyond 48 hours after transplant is graded as grade 3.
urthermore, when grading beyond 48 hours, venous anastomotic
bstruction, pneumonia, hyperacute rejection, and cardiogenic pul-
onary edema should be excluded or assessed separately.
onor Assessment and Management
he lung donor assessment and management have been described
lsewhere.12-15 Preoperative immunologic evaluation includin
onor-recipient T-cell and B-cell cross-matching was routinely
erformed and found to be negative in all cases. Active donor
anagement, including an initial bronchoscopic examination and
epeated suctioning, physiotherapy, revision of antibiotic therapy,
nd fluid management, are usually undertaken to optimize the
onor for transplantation. A repeat assessment, including chest
-ray films and serial arterial blood gases, may need to be under-
aken after donor management changes before a final decision is
ade to accept or decline donor organs.
onor Lung Procurement and Preservation
ung procurement and preservation followed previously described
rocedures.16,17 Perfadex (Kabi Pharmacia, Uppsala, Sweden) -
laced Euro-Collins preservation solution in September 2004. An
ntravenous infusion of prostacyclin (Flolan; Wellcome, Sydney,
ustralia) at 40 to 80 ng · kg1 · min1 for approximately 10
inutes before crossclamp was performed when Euro-Collins so-
ution was used for lung preservation. A single antegrade flush
ith cold preservation solution followed by heart-lung en bloc
rocurement was routinely performed.
ung Transplant Surgical Technique and
erioperative Management
ung transplant procedures have been described elsewhere.18,19
ardiopulmonary bypass was only routinely performed in our
ember 2006
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TXnstitution for heart-lung transplantation and only otherwise con-
idered when intolerance of single lung ventilation due to hemo-
ynamic instability was seen. As a part of lung graft preparation,
retrograde exploratory flush was performed to detect any unex-
ected donor pulmonary artery embolism before implantatio4
efore completion of implantation, retrograde followed by an-
egrade reperfusion and deairing was performed via untied
ulmonary vascular anastomotic suture lines. An evaluation of
he venous anastomosis by transesophageal echocardiogram
as routinely performed at the end of the operation. An addi-
ional reconstruction/repair of the pulmonary venous anastomosis
as performed when the donor left atrial cuff was inadequate for
ingle end-to-end anastomosis.16 Postoperative management in th
CU was performed to ensure satisfactory end-organ perfusion
hile maintaining a relatively low filling pressure (cardiac index
2.4, pulmonary capillary wedge pressure  10 mm Hg, and
entral venous pressure 7 mm Hg). Patients with PGD received
standardized evaluation (including transesophageal echocar-
iogram) and therapy with increasing complexity depending on
he degree of ventilatory and hemodynamic compromise (in-
luding ECMO and inhaled nitric oxide).20 Details of immuno-
uppression and transbronchial lung biopsy protocols are descri
lsewhere.3,4,12-14
ata Collection
ata were retrieved from the transplant database and a review of
CU and donor records. Data of arterial blood gas analysis and the
xistence of infiltrates on chest x-ray film at each time point of T
, T 24, and T 48 after transplant were used to define PGD grade.
tatistical Analysis
ontinuous data were reported as mean standard error of the mean,
hereas categorical data were reported as count and proportions.
omparison among groups was performed with 1-way analysis of
ariance followed by post hoc analysis with the Fisher test for para-
etric continuous variables and the 2 test for categorical variables.
uration of intubation and length of ICU stay were estimated by the
ABLE 1. Demographics of the donor factor in 144 bilatera
ariables Unilateral (n 
onor factor
Age (y) 36  2
Sex (M/F) 27/11
Smoking history  20 pack-years 6
Cause of death
CVA 19
Trauma 14
Anoxia 3
Others 2
Radiographic abnormality 20
PaO2/FIO2 ratio 470  17
Unexpected pulmonary emboli (yes/no) 6/13
ontinuous data are expressed as mean  SEM. T 0, at the time of arrival a
nd inspired oxygen consumption. P values for donor cause of death weraplan-Meier method and the curves were analyzed by use of log- d
The Journal of Thoracicank test. For analysis of pulmonary arterial pressure during the
econd lung implantation, data from patients without cardiopulmo-
ary bypass were used. Intubation hours and ICU days were both
ound to be well approximated by a log-normal distribution. Univar-
ate correlation analysis between PGD grades and log-transformed
ntubation hours and log-transformed ICU days was performed with
earson correlation coefficients. Logistic regression analysis was used
o estimate the relationship of individual factors with the occurrence
f unilateral radiographic infiltrates. Analysis was performed with
tatview 5.0 software package (SAS Institute, Inc, Cary, NC).
esults
ncidence of Radiographic Infiltrates
verall, chest x-ray abnormalities were seen in 62 of 144
onors (43%) before procurement and 88 of 144 recipients
61%) after transplant at T 0 (sensitivity 76%, specificity
0%). The percentage of recipients in the various unilateral,
lear, and bilateral infiltrate groups was 26%, 39%, and 35%
at T 0), 30%, 32%, and 38% (at T 24), and 23%, 29%, and
8% (at T 48), respectively. Approximately 23% of the recip-
ents with a clear donor chest x-ray film and 32% of the
ecipients with an abnormal donor chest x-ray film had unilat-
ral radiographic infiltrates after transplant at T 0. The percent-
ge of recipients with bilateral infiltrates increased with time
fter transplant.
onor and Recipient Demographics
etailed demographics including donor, recipient, and opera-
ive factors in the 3 groups at T 0 are shown in Tables 1 a
ignificant differences among the 3 groups are seen in the
resence of an abnormal donor chest x-ray film (P  .005),
onor unexpected pulmonary emboli (P  .003), recipient
nderlying disease (P .02), and cardiopulmonary bypass use
P  .001). There were no significant differences in donor
aO2/FIO2 before procurement and pulmonary arterial pressure
g transplant recipients
Radiographic infiltrates (T 0)
Clear (n  56) Bilateral (n  50) P
35  2 39  2 .2
30/26 28/22 .2
5 8 .2
.2
30 22
14 16
11 8
1 4
15 27 .005
471  13 450  12 .2
4/27 17/14 .003
; CVA, cerebrovascularaccident; PaO2/FIO2, ratio of arterial oxygen tension
en by overall comparison.l lun
38)
t ICUuring the second lung implantation (P  0.2).
and Cardiovascular Surgery ● Volume 132, Number 6 1443
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1
TXosttransplant Oxygenation
ecipient PaO2/FIO2 after transplant is shown in Figure 1. The
aO2/FIO2 in the unilateral and clear groups was significantly
reater than that in the bilateral group at T 0 and T 48.
aO2/FIO2 in the unilateral group tended to be greater (P .07)
han that in the bilateral group at T 24, and the PaO2/FIO2 in the
lear group was significantly greater (P  .0001).
uration of Intubation and Length of ICU Stay
he percentage of recipients remaining intubated and the per-
entage of recipients remaining in the ICU were significantly
ifferent among the 3 groups (P  .0001, Figure 2). Th
ercentages of the recipients remaining intubated 24 hours
fter transplantation in the unilateral, clear, and bilateral groups
ere 22%, 24%, and 62%, respectively. The percentages of the
ecipients remaining in the ICU 7 days after transplant in the
nilateral, clear, and bilateral groups were 5%, 7%, and 44%,
espectively. The curves in the unilateral and clear groups were
ABLE 2. Demographics of the recipient and operative fac
ariables Unilatera
ecipient factor
Age (y) 40
Sex (M/F) 21
Diagnosis
COPD 1
CF 2
ILD
PH
perative factor
First implanted lung (left/right) 25
PAP during second lung implantation (mm Hg) 32
CPB use
Ischemic time
First implanted lung (min) 281
Second implanted lung (min) 391
OPD, Chronic obstructive pulmonary disease; CF, cystic fibrosis; ILD, in
ressure; CPB, cardiopulmonary bypass. P values for underlying disease
igure 1. Oxygenation ratio (PaO /FIO ) within the first 48 hours2 2
fter transplant. i
444 The Journal of Thoracic and Cardiovascular Surgery ● Decimilar, with a lower percentage of recipients remaining intu-
ated and a lower percentage staying in the ICU when com-
ared with those in the bilateral group.
GD Grading
hen a unilateral radiographic infiltrate was considered as
present,” the incidence of PGD grades 0, 1, 2, and 3 in the
nilateral group was 0%, 38%, 16%, and 46% (at T 0), 0%,
2%, 23%, and 15% (at T 24), and 0%, 70%, 20%, and 10%
at T 48), respectively. When a unilateral radiographic infiltrate
in 144 bilateral lung transplant recipients
Radiographic infiltrates (T 0)
38) Clear (n  56) Bilateral (n  50) P
41  2 42  2 .2
32/24 31/19 .2
.02
20 12
27 18
7 12
2 8
38/18 28/21 .2
33  2 36  3 .2
6 19 .001
280  15 278  18 .2
378  15 386  19 .2
itial lung disease; PH, pulmonary hypertension; PAP, pulmonary arterial
given by overall comparison.
igure 2. A, Percentage of patients remaining intubated versus
ime (hours) after transplant. B, Percentage of patients remainingtors
l (n 
 2
/17
1
3
3
1
/13
 2
5
 19
 21
terstn ICU versus time (days) after transplant.
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TXas considered as “absent,” the incidence of PGD grade in the
nilateral group was 100% (grade 0) at T 0, 98% (grade 0) and
% (grade 3) at T 24, and 90% (grade 0) and 10% (grade 3) at
48, respectively. In the unilateral group, a small number of
atients were classified as PGD grade 3 owing to the require-
ent for ECMO (n 1) at T 24 or the requirement for ECMO
n  2) or nitric oxide (n  1) at T 48. The effect of
ncorporating the unilateral radiographic infiltrate into the
pparent overall PGD grading is shown in Figure 3
ignificant difference in the incidence of severe PGD grade
is seen at T 0 (P  .02), depending on whether or not a
nilateral infiltrate is included or excluded from the PGD
rading.
orrelation Between PGD Grade (T 0) and Early
utcomes
nivariate correlation analysis between the early outcomes and
GD grades (0 to 3) at T 0 defined with unilateral infiltrates as
ither “present” or “absent” was also performed. The correla-
ion coefficients (r) between the intubation hours and PGD
rades (defined with the unilateral infiltrate included/excluded
n the definition) were as follows: unilateral infiltrate “present”
r  0.34, P  .0001); unilateral infiltrate “absent” (r  0.47,
 .0001). The correlation coefficients between the ICU days
nd PGD grades were as follows: unilateral infiltrate “present”
r  0.33, P  .0001); unilateral infiltrate “absent” (r  0.51,
 .0001).
isk Factor Analysis for Unilateral Infiltrates
n the unilateral group, 1 patient required pulmonary venous
igure 3. Comparing the incidence of various PGD grades (0 to 3)
sing a definition in which unilateral radiographic infiltrates
ere either characterized as “present” or “absent” (ie, the cur-
ent grading system versus a proposed modification). *Comparing
he incidence of PGD grade 3 between “present” and “absent”
P  .02).nastomotic repair/reconstruction because of an inadequate a
The Journal of Thoraciconor left atrial cuff, with a widely patent anastomosis and
dequate blood flow through the anastomosis confirmed by
ostoperative transesophageal echocardiography. The inci-
ence of unilateral infiltrates seen in the individual paired right
ersus left lungs was 56% versus 44%, and in the first versus
econd implanted lungs was 41% versus 59%. Overall, no
onor, recipient, or operative factors were significantly asso-
iated with the development of unilateral infiltrates.
iscussion
he results of this study demonstrate that the incidence of
nilateral radiographic infiltrates is relatively high during the
rst 48 hours after bilateral lung transplant. Importantly, how-
ver, the early posttransplant outcomes of the patients with
nilateral infiltrates are significantly better than those of the
atients with bilateral infiltrates and indeed similar to those of
atients with clear chest x-ray films. For PGD grading pur-
oses, the different considerations of a unilateral infiltrate as
eing either “present” or “absent” significantly affect the sub-
equent PGD grade and the relation of that grade with intuba-
ion time and ICU stay.
This study demonstrates that a high proportion of donor
hest x-ray films are abnormal and that this contributes to an
bnormal posttransplant chest x-ray film (sensitivity  76%,
pecificity  50%). Although the present study is limited in
ot having sufficient detail available to determine whether
onor radiographic infiltrates were unilateral or bilateral, inter-
stingly, an abnormal donor chest x-ray film appears to be a
ore potent predictor of subsequent recipient PaO2/FIO2 than
he traditional measure of preoperative donor PaO2/FIO2.12,21
An abnormal donor x-ray film cannot be the only explana-
ion for the development of posttransplant unilateral infiltrates,
ecause 23% of the patients with a clear donor chest x-ray film
till had unilateral infiltrates after transplant. Indeed, many
actors, including the use of cardiopulmonary bypass, pulmo-
ary venous anastomotic obstruction, hyperacute rejection,
schemia-reperfusion injury, cardiac failure, atelectasis, and
neumonia, potentially contribute to the development of radio-
raphic infiltrates within the first 48 hours after
ransplant. 1-9,22,23
Theoretically, without cardiopulmonary bypass, the newly
mplanted first lung is exposed to an entire cardiac output,
hich may result in double the normal pulmonary arterial
lood flow, pulmonary hypertension, and increased micro-
ascular hydrostatic pressure during the second lung im-
lantation. In contrast, the second implanted lung is suscep-
ible to a longer ischemic time with resultant greater
schemic damage. These might contribute to amplify isch-
mia-reperfusion injury and result in unilateral radiographic
nfiltrates. Sheridan and colleagues11 investigated the effec
f bilateral lung transplantation on the first transplanted
ung in 19 patients without cardiopulmonary bypass. The
uthors found no difference in radiographically apparent
and Cardiovascular Surgery ● Volume 132, Number 6 1445
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1
TXung injury at 1 and 24 hours after transplant and in quan-
itative lung perfusion scan at 3 to 12 months after trans-
lant when comparing the first and second implanted lungs.
n the current study, no donor, recipient, or operative factors
including the first or second implanted lungs and the side of
mplanted lungs) could be associated with the development
f unilateral infiltrates after transplant. Further study is
eeded to clarify the cause of posttransplant unilateral in-
ltrates on chest x-ray films.
Whether radiographic changes are included or excluded
rom the PGD diagnostic criteria has a critical role in deter-
ining the apparent incidence and severity of PGD, particu-
arly for grade 0. In the current study, the consideration of
adiographic changes has an impact on the apparent incidence
f PGD grade 0 across the whole first 48 hours after transplant,
lthough there was also a significant effect on the apparent
ncidence of PGD grade 3 at T 0 (Figure 3). I n fact, the
ncidence of PGD grade 3 in bilateral lung transplantation
enerally decreases over time postoperatively.23 Moreover,
n this study, beyond 24 hours, and especially beyond 48
ours, a number of patients in PGD grade 3 fell into this
ategory primarily because of the requirement for ECMO or
itric oxide. Therefore, the impact of the radiographic ap-
earance on PGD grade 3 may be the strongest at T 0 and
ecrease beyond 24 hours after transplant.
In conclusion, the incidence of unilateral radiographic in-
ltrates is relatively high throughout the first 48 hours after
ilateral lung transplantation. The donor radiographic abnor-
ality plays a role in the recipient radiographic infiltrates, but
he mechanism of the unilateral infiltrates remains unknown.
he early posttransplant outcomes of those patients with uni-
ateral infiltrates are similar to those with a clear chest x-ray
lm and significantly better than those with bilateral infiltrates.
herefore, in bilateral lung transplantation only bilateral infil-
rates should be used as part of the PGD definition.24
We gratefully acknowledge Sharon Daly for assembling and
erifying the clinical data, and we also extend our appreciation to
embers of the Heart and Lung Transplant Service, The Alfred
ospital, for their assistance.
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